19970407 016

REPORT DOCUMLNTATION PAGE

FCrr: ADDroved

0704-0188

JOME NO

i voplic reporning Dargen for

ngt m A 2?202 4302, and u {n= f\h e of A4

o1l AGEMC?’ USE OKRLY (Leave blank) 2. REPORT DATE

s ollection of nfo mation 15 esUMAted t1C averase | ~our DET TESPLNSE, INQUAING the time for re viewy:s

tenalement and 5Lc:et Pao° wor\ Rndumc— or 2.2

3. REPORT TYPE AND RATES TOVE

SA, TITLE ARD: SUBTITLE

BORON ATOM MATRIX CHEMISTRY

FINAL 01 Jun 93 TO 31 Oct 96

F49620-93-1-0331
62601F

6. ALTHOR(S)

Prof. Lester Andrews

st umem

6232/00

PIREOANGNG ORGANIZATION NAME(S) ANC ADDRESS(ES)
Dept of Chemistry

Unviersity of Virginia
Charlottesville VA 22901

Z ACIITOR

AFOSR/NL
110 Duncan Avenue Room Bll5
Bolling AFB DC 20332-8080

Dr_ Mlchael R._Berman

ING AGENCY NAME(S) AND ADDRESS(ES)

‘=f.‘n¢d_:‘-.“: TLps NOTES

CATRLLD O AVAILABILITY STATEMENT

Research has been done with pulsed-laser evaporated B, Be and Mg atoms and
molecular hydrogen to explore the reactivities of these metals with H2 and
to investigate infrared spectra of the product molecules in solid argon.

The major products in the B/H2 system were BH,

B2H6.
these experiments.

(H2(BH), Bh3, (H2) (BH3) and

It is clear that molecular hydrogen is complexed to BH and BH3 in
Pulsed laser ablated boron atoms have been reacted with

NH3, CH3NH2 and NO to form novel boron insertion products which have been

trapped in solid argon for infrared spectroscopic study

two important contributions.

First,
to be highly reactive.

Second,

This work makes

laser ablated boron atoms are shown
the importance of isotopic substitution

for matching experimental observed and theoretical calculated frequencies
for new molecules is clearly demonstrated.

LAIOIIZATION

(U)

18. SECURITY CLASSIFICATION
t TriS PAGE
OF Tri £ (U)




" Final Technical Report to the AFOSR
Lester Andrews
Department of Chemistry
University of Virginia
Charlottesville, VA 22901
F49620-93-1-0331
Boron Atom Matrix Chemistry
June 1, 1993 to October 31, 1996

ACCOMPLISHMENTS

Research has been done with pulsed-laser evaporated B, Be and Mg atoms and molecular
hydrogen to explore the reactivities of these metals with H, and to investigate infrared spectra of the
product molecules in solid argon. The major products in the B/H, system were BH, (Hy)(BH), BH;,

(Hy(BH3) and B,Hg. 1t is clear that molecular hydrogen is complexed to BH and BHj; in these
experiments.

In the case of Be and Mg, the major products were the linear dihydride H-M-H and the
monohydride M-H molecules. This work obtained the first experimental evidence for H-Be-H,
which is the textbook example of sp hybridized bonding.

Pulsed laser ablated boron atoms have been reacted with NH;, CH3NH, and NO to form

novel boron insertion products which have been trapped in solid argon for infrared spectroscopic
study. '

The major reaction products of laser-ablated B atoms with NHj are iminoborane, H-B=N-H,
formed by B insertion and H elimination, and BNBH, formed by a second B insertion and H

elimination. These novel molecules were identified by isotopic substitution and comparison to ab
initio calculated frequencies.

Reactions of B with CH3;NH, give the same HB=NH and BNBH products and both -
methyliminoborane isomers CH;B=NH and HB=NCH;. The methyliminoborane molecules are
isoelectronic with methylacetylene. It appears that B inserts into the C-N and N-H bonds with
comparable facility, but there is little evidence for insertion into C-H bonds in these experiments.

The major B atom reaction with NO is insertion to form triplet NBO which is identified from
B-O stretching and NBO bending modes at 1996.8 and 493.5 cml, respectively, through isotopic
substitution and MP2 frequency calculations. Triplet NBO is a high energy density matter candidate.
A second B atom adds to give BNBO also identified by 2068.2 and 500.9 cm™! absorptions in the
same regions.
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Several of these products are highly reactive molecular species that might have possible
applications as high energy density materials, in particular, iminoborane, the methyliminoboranes
and NBO.

This work makes two important contributions. First, laser ablated boron atoms are shown
to be highly reactive. Second, the importance of isotopic substitution for matehing experimental
observed and theoretical calculated frequencies for new molecules is clearly demonstrated.
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